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First Look at New Energies

ATLAS

EXPERIMENT

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST




Di-Lepton Final States (ee, pp) EXOT-2015-001

® Search for neutral resonances decaying

to lepton pairs g 10°g ' ' T3
® Sign of a new fundamental symmetry S>j ATLAS Preliminary * Data -
10* = i =
\s=13TeV, 78 pb Dyy* E
. . Dilepton Search Selection .
® Single lepton trigger selects events 10°E I Top Quarks -
® Require two isolated leptons k [] biboson ]
2
e p,>30GeV,&|Nn| <25 10°E E
® (Calculate invariant mass of lepton pairs 10: ?;
® Normalize MC prediction to observed E .
data in window around the Z peak = E
e 80<m,< 120 GeV u ]
10'115—
. H .— -, : 1 | 1 | | 1 1
Highest mass di-electron event at 102 o5 00 360 560 650 e
740 GeV Dimuon Invariant Mass [GeV]

® Highest mass di-muon event at
881 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-001/

EXOT-2015-004

Di-Lepton Final States (ep)

2]
. .. T 103k
Search for lepton flavor violation in € 19 E ATLAS Preliminary ¢ Data
i ] Drell-yan 1z

charged lepton sector /s =13 TeV, 85 pb™ [ Di-Boson
102 £' — e selection E I:zets

Single lepton trigger selects events

® Require two opposite flavor leptons 10
with p; > 30 GeV

Calculate invariant mass of lepton
pairs
® Normalize MC prediction to observed
data in low mass region 10"
e M,< 300 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-004/

Events

N
EXOT-2015-002

Di-Lepton Final States (ev, pv)
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® Search for charged resonances decaying

W’ - v selection * Data .
- ATLAS Preliminary Cw to lepton pairs
\s=13TeV, 78 pb'1 =T°|° ® Sign of a new fundamental symmetry
Zy*

[ ] Diboson

[ Multi-det ® Single lepton trigger selects events

® Require one charged lepton with p; > 65

t

i (55) GeV for e(|)
® Balanced by missing transverse
= momentum
- J ® Calculate transverse mass of lepton
1 | — pairs
10—1 [ | 1 ! ! I |
90100 200 300 400 500 600 ,

Highest transverse mass event in
Transverse mass [GeV]  electron channel 1050 GeV

® Highest transverse mass event in muon
channel 966 GeV
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Di-Photon Final States

® Search for new resonances decaying
to pair of photons

® Ex: RS Gravitons

® Photons must be isolated in
calorimeter and have E; > 55 GeV

® (Calculate invariant mass of photon
pairs

® Normalize MC to observed number
of data events

® Highest mass photon pair is 940 GeV
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One Lepton, jJets,

Search for colored super partners
® (Calibration and validation of control
regions

Ultimately searches for squarks and
gluinos in final states with jets, missing
transverse momentum, and one lepton

Calculate transverse mass in high
multiplicity events
® Oneisolated lepton p; > 30 GeV
e 2-4jets p; > 30 GeV
o Emis > 100 GeV

Sensitivity over the Run-I search expected

with ~3 fbt

—
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-029/
http://arxiv.org/abs/1501.03555
http://arxiv.org/abs/1507.05525

ATL-PHYS-PUB-2015-028

No Leptons 2-4 Jets + Missing Energy

Search for colored super partners
® (Calibration and validation of control regions

Ultimately searches for squarks and gluinos in
final states with jets, and missing transverse
momentum

Calculate scalar sum of transverse momentum of
objects in events m

® Three control regions for W, Z, and top events
Top control region selected with m; requirement
e 30<m;<100 GeV
Good purity in background control regions
MC distributions normalized to the observed data
Sensitivity over Run-| search expected with ~3 fb-1

Run-1: 1405.7875/1507.05525
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-028/
http://arxiv.org/abs/1405.7875
http://arxiv.org/abs/1507.05525

Search Results

ATLAS

EXPERIMENT

Event: 531676916
2015-08-22 04:20:10 CEST
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I ATLAS-CONF-2015-043 I

Search for Evidence of Strong Gravity

Search for evidence of strong gravity in
jet multiplicity bins

s A A L L B A AL Ay S A B B
® Dramatic threshold signals E) o ATLAS Preliminary E’ I\Dn%tlétlijzeegs .
Require events to have at least three - E 2 CIMy=3TeV,M =75 TelE
jets with p; > 30 GeV 210 3= 13 TeV,J Ldi=74pb" =
Calculate scalar p; sum of jets in the % . = | n.>3%
o 10°g ¢ Jet E
event H; > E =
® MCis normalized to observed Data in 10 =
low-H; control region - = =
® Normalization is validated in e E
intermediate-H; region o - ]
® Extrapolated into signal region at = =
high-H; .= |
Spectrum is fit with analytic functions % 1 g
® Signal is searched for by testing § 1
consistency in high-H; signal region (DU 0.5~ I TT ;
® Data split into two periods 6.5 pb-t for 01 - D) 3 4 ' 5 6
validation and 74 pb-t for search HT [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-043/

ATLAS-CONF-2015-043

Search for Evidence of Strong Gravity -
Results

E E LI | T T 17T | LI ! LI | L | T I T I L I L | 1T I:
5 oolie i ATLAS Preliminary _
~ 10°E7) ; : E e g e . .
£ :&X« . J-ng . 3 ® Jet multiplicity bins combined for
¢ T \ Ldt=6.5p : G .
g ~ | nal fit
e %, , =
- Yae \s=13TeV E * Expect 1.4 events in SR observe 1
10 - ! ' | Mot = 3 ]
; [ ] Data 2015 E o R R o
u o ] ® No significant deviation from
L 1,00 =p (1% — .
'E e = background only hypothesis
- . .,( s - ® Set 95% CL limits on models of
1015___ 9x_po1-x X : % _E . .
- 0= p P Sa E low scale gravity using
: — (X =P01-x X 2 : \ \ :
o !!!!!!!:!!!!!!i!:!!,!!!!,:?!!!!!!!!!$ﬁ."§f!!_ CHARYEDIS2
\b§1§ f :E e 2D plane of M, - My,
E 1 =
© 05 =
3 0 5
05 —
1 _z
15 =
B E T R S B a— -t
T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-043/

ATLAS-CONF-2015-046

Search for TeV Scale Gravity wi

tt Control Regi h I
Leptons and Jets . o e i
O B ' —e— Data I
. L S 3l ATLAS Preliminary _
Search for evidence of strong gravity inH, 2 10°E y % Total Standard Model "=
-~ — S W-jets ]
spectrum £ . - J Ldt=80pb, \s=13 TeV ) zeets -
® Dramatic threshold signal < = = « =
- - [ single top a
. . | - Diboson |
Single lepton triggers select events 10 - —— M7 TeV,M-2TeV 3
® Events categorized based on highest p; n — M=6TeV,M=4TeV ]
lepton 1 = E
Calculate H; of all objects in the event N -
107 =
Control Regions for W, Z, and top T = N T T T A
backgrounds Q 2 R
* Validation Region to test consistency % L *% ________________________ -
. . QO - . + . . . . . i
Signal Regions where lepton pr > 100 GeV 06500 7000 1500 2000 2500 3000 3500
plus two other 100 GeV objects, and event
) P [GeV]

H; >2 TeV or 3 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-046/

H;I’LAS-CONF-ZOlS-O%
Search for TeV Scale Gravity wi

Muon chahnel

Leptons and Jets :; [ ——————
Q) . —e— Data
3 ATLAS Prellmlnary #4445 Total Standard Model
C\\J 104 -1 - W+jets
Control region fits are extrapolated to £ . .[ Ldt=80pb , 1s=13 TeV [ Z+ets
high H, region 2 10 = «
& 178 L [_] single top

® Profile likelihood fits of W, Z, top 102
contributions

I Diboson

—— M,=7 TeV, M =2 TeV
Validation region w/ H; between 10 T My=6TeV, M=4TeV

1.5-2.0 TeV
Signal appears at high-H;

In 2(3) TeV Signal Regions expected 5.3 10’
(0.3) event from SM fits

® Observed5and0 O I
No significant deviation from % 2
background only hypothesis § I
® Set 95% CL limits on models of rotating 00
black holes using CHARYBDIS?2 ZpT[GeV]

® Limits setin 2D M, vs M, plane
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-046/

Search for TeV Scale Gravity - Results

ATLAS-CONF-2015-046

Rotating Black Holes n=6, Charybdis2

9000 _I T | T | T 17T | I’ T T | T T | T 17T T T T T T I_
- ATLAS Preliminary .
8500 [— . —
N JL dt=80pb~, V(s=13TeV ]
[ = Observed limit ]
8000 [~ ---—- Expected limit (£ o,,,) -
R ATLAS 8 TeV exclusion (IHets) -
7500 - —
7000 — =
6500 |- —
6000 |- —
5500 \
C 1 1 | 111 | L 11 | L1 1 | L1 1 | L 11 | 111 | 111 | 111 | 11 I_

2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 40t

M, [GeV]

M, [TeV]

ATLAS-CONF-2015-043

CHARYBDISZ Rotatlng black holes n=>6

1 0 | I L

T

ATLAS Prellmlnary 95% CL exclusion ]

9'5: \s=13TeV = Expected (n_ 23)
- p — Observed (net >3) 3
9:__[Ld’[=74pb Wmiic E
8 5: +20 E

------- ATLAS \s=8TeV

3

75F
7e E
S
T T T
M, [TeV]

® |n both leptonic and hadronic channels Run-1l1 95% CL limits already surpass

Run-I analysis!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-043/

ATLAS-CONF-2015-042

Searches In Di-Jet Final States

Search for non-SM features in di-jet final

ctates E 905_' TLAS Preliminary = —pythias 3
e N : ~ = (s=13 TeV, 80 Pb'1 JES uncertainty =
ew resonances in m; o 80E -
. : © = ® Run Il Data =

® Deviations in angular variables S 0B =
60E- =

For resonance search 50E- =
® Select events with leading(subleading) 405_ _f
jet has p; > 410(50) GeV and |y*| < 0.6 305 =

® Calculate invariant mass m 20§ =

: 10F- -

For angular analysis = =
= MY VIR BETREY VIS T T T T B e

® Select events with leading(subleading) S 04F A o
jet has p; > 410(50) GeV and |y*| <1.7 § @ 0'8 :M!’“»_.__*_T_*T_ ________________ ]

and |yz| < 1.1 3L 02 —

ra “04C I il

® Calculate angular variable ¥ 500 1000 1500 2000 2500 3000
Leading Jet d [GeV]
x|
ye=3501-y2)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042/

Di-Jet Resonances Search

ATLAS-CONF-2015-042

f(2) = p1(1 = g)P2zP3tpalogz z = my;/ s

QI ET T T TTTTT ‘ 11 ||||||‘|||||||||’|||||||||‘|||||||||‘||||||||||||rr@ °
o . 1
ok ATLASPreliminary -
3l | 1s=13 TeV, 80 pb” |
10°¢ —e— Data E
- — Background fit =
B — BumpHunter interval ] ¢
, ---o-- BlackMax, m = 4.0 TeV
10 = -—o-- BlackMax, m = 5.0 TeV—§
E p-value = 0.79 E °®
Fit Range: 1.1 -5.3 TeV
TE y1<06
%_! - !!!!!!!!!!!
: g .
@
_3 L NN SRR
2 3 4 5 6 7

Fit m; distribution with analytic
function

Compare fit with observed data using
BumpHunter

® Most discrepant region identified as
2.9-3.2TeV

® p-value of 0.76

Consistent with background only
hypothesis

Highest mass event is 5.2 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042/

ATLAS

EXPERIMENT

Run Number: 276731, Event Number: 531676916

Date: 2015-08-22 04:20:10 CEST
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‘ ATLAS-CONF-2015-042 ‘

Di-Jet Resonances Search - Results

— 10 T I I I T | I I T I I | I I I | I T_]
o) - ]
® 95% CL limits are derived for a 2 - 1s=13 TeV, 80 pb™'
. . . m : :
Gaussian 5|gr.1al as function of o i  ogmy=015
resonance width X I e 6mg=0.10

< —— og/mg = 0.07
X —— = |
® Signal hypothesis for ADD Graviton b 15_ O/Mg = Res. -
using BlackMax and Quantum Black - ]
Hole MC generators - ]
® For all signals M, = M, and n=6 - -
® The resonant search excludes 1071k B
M, < 6.8 TeV at 95% CL using QBH - :
e Using BlackMax M, < 6.5 TeV . o ]
excluded at 95% CL - ATLA|S Pre“m"?ary | o

1 2 3 4 5
mg [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042/

ATLAS-CONF-2015-042

Di-Jet Angular Search
2lys] 1 +cos6”

X =e =
1 — cos 6* \s=13TeV, 80 pb"  ATLAS Preliminary
. ® Data — SM
® FOF eventS W|th mJJ over 2.5 TeV the X ------- QBH, Mth= 6.5 TeV |:| Theoretical uncert.
distribution is tested for consistency with <17y <1 E= Total uncertainties
the SM 5 F s _
® Performed in bins of m; > 0.06g1 m; > 3.4 TeV —
; 0.04F S =
® SM prediction from PYTHIAS8 corrected in - 0'025_ ¢ + o | E
m; and X using ot 3.1<m <3.4TeV]
NLOJET++ e * -
o.os% ; =
. . - B ﬂ——* - 4—-—& ﬂ—-—-—z
® - : | — 3
QBH signal would appear as excess in low : 2 8 B m <31 TeV-
X bins 0.1:—+ =
®* The p-value of the background only 0-052—. ¢ I o —i
hypothesis to the data is 0.5 S B — =
®* No significant deviation is observed 0.1 2 5 < mj <2 8 Tev—f
0.05F 4, . =
1 2 3 4 5678 10 2'0X30
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042/

Di-Jet Angular Search - Results ‘ATLAS'CONF'ZMS'MZ'

102;"'|""|""|1"" T 5
- \s=13TeV, 80 pb i
. — - BlackMax —e— Observed 95% CL -
10g---QBH = Expected 95% CL = e 95% CL limits are derived for ADD
- I Expected+1o - models of gravity as function of M,
‘\\ Expected +26 |
e N 3 ® The angular search excludes

/¢
/

4
'~
Y
A

M, < 6.5 TeV at 95% CL using QBH

e Using BlackMax M, < 6.4 TeV
excluded at 95% CL

Y

107
m; > 3.4 TeV \\
Y <17, 1yl < 1.1 \\u,\
ATII.AS Prleliminalry 1 \\I |

1 0-2 I I I | L1 1
5.5 6 6.5 / 75 8
M, [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-042/

Summary and Conclusions

ATLAS has recorded 319 pb-t of 13 TeV data
® Two periods of 80 pb-1 used in public results

Re-establishing understanding of high momentum objects
® Leptons, photons, jets, missing transverse momentum, H;

Relaxed cuts have been used to validate control regions and analysis techniques
where sensitivity has not yet passed Run-I analyses

Using the Run-Il data ATLAS has performed searches in a number of final states
® No significant deviation from the background only hypothesis is observed.

® Searching for signs of Strong Gravity in hadronic and lepton plus jets final states
® Setting limits in a two dimensional plane

® Search for Gaussian signal and Quantum Black Holes s in di-jet final state
e Excluding M,,, below 6.8 TeV using both a resonant search and angular analysis

More searches are right around the corner!
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Additional Material
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